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LAND BANK PROJECT: COMPUTER SIM ULATIO N OF A LAND BANK TO PROVIDE SITES FOR
HOUSING FOR LOW INCOME FAMILIES
by
Carol Van Alstyne, Ph.D.* and Peter Sorant**

THE LAND BANK PROJECT

ning and designing a feasible housing project, securing the financing,
and obtaining the FHA commitments for mortgage insurance and
housing assistance funds can take that long a period. The planning
horizon of the HDC-Land Banks did not extend beyond five years
largely because of (1) the pressures fo r shorter term activity
against limited program funds, and (2) the increased uncertainty
as to future urban development patterns over longer time periods.
The HDC-Land Banks hold land for future development for
assisted housing and not speculatively fo r other purposes — even
though transactions in land for private residential, commercial,
or industrial development could conceivably provide income to
support the public purposes of the land bank. This strategy was
ruled out because the HDCs were originally organized for the
specific, limited purpose of helping to provide housing for low and
moderate income families, and not to compete broadly in the real
estate markets. Similarly, since the principal objective of the
HDC-Land Banks is to increase the availability of land for low
income housing, strategies involving investments in securities other
than land were eliminated except to the extent that these alternative
holdings provide a relatively secure means of utilizing funds until
they are needed for direct land acquisition activity.
The simulator developed as part o f the land bank project is an
instrument designed to evaluate land banking activity by an agency
such as an HDC, not (1) the allocation of HDC resources between
housing production and advance land acquisition; (2) investment
portfolio analysis, comparing investment in land with other forms
of investment; (3) overall real estate market activity; or (4) urban
growth.

The primary purposes of the land bank project are:
(1) to set forth how a land bank might be organized and oper
ated to aid in the development of housing for low income families
by advance acquisition, holding, and timely disposition of sites;
and (2) to examine rigorously the costs and benefits of such a land
bank program.
The land bank project is being carried out under a cooperation
agreement between the Low Income Housing Development Corpora
tion (LIHDC) of North Carolina and the Piedmont Triad Council of
Governments (PTCOG). LIHDC is a statewide nonprofit housing
development corporation (HDC) funded by the U.S. Office of Eco
nomic Opportunity. LIHDC has worked since 1967 to organize
sponsors to develop housing first under federal rent supplement,
and subsequently under interest subsidy programs in both urban
and rural areas. LIHDC has assisted in the development of hous
ing for about 1600 families. The PTCOG is a regional planning
agency organized in 1968 to serve an eleven-county area in North
Carolina.
The land bank project was supported by a grant to LIHDC from
the Ford Foundation and by a special Housing and Urban Develop
ment comprehensive planning grant to the PTCOG, part of which
was channeled through the COG to three metropolitan HDC8 in
Winston-Salem, Greensboro, and High Point, North Carolina for
land bank staff support. The three HDCs are either currently
undertaking or planning land bank activities. Funds for actual
HDC-Land Bank operations amounting to approximately $700,000
out of total projected HDC operating funds of $1.7 million were
made available to the separate, independent HDCs from private
grants and loans and public grants of Model Cities funds to match
privately generated funds.
The output of the land bank project includes both a how-to-do
it handbook on land banking1 and a computer simulator of a land
bank designed to facilitate analysis of the feasibility and effective
ness of land banking as it might be undertaken by an agency such
as an HDC. There was substantial cross-over between the prep
aration of the descriptions of practical land bank operations for
the handbook and the conceptual development of the simulator.
Formal participation in the overall project by specialists in fields
relating to land banking, including real estate, finance, law, en
gineering, and architecture, provided realistic inputs into and
continual critical review of the construction of the simulator.

REASONS FOR LAND BANKING
The three main reasons that land banking might be considered
as a strategy by a developer of low income housing are:
To Facilitate Housing Program Implementation
Lack of available land is often cited as a major obstacle to
increasing the production of low and moderate income housing.
The criteria for current “ availability” include (1) a land price
within allowable costs fo r a feasible project, (2) water and sewer
facilities at the site, (3) paved access to the site, and (4) zoning
which permits the proposed use.
A land bank might operate to make sites available (at the time
and in the places they are needed) fo r the development of assisted
housing.

DEFINITION AND SCOPE OF LAND BANKING BY AN HDC

To Make Possible a Land Write-Down

Land banking by an HDC is simply the advance acquisition of
land for future development o f housing. The time frame of the
land banking activity of the three Piedmont Triad HDCs provides
for land acquisition two to five years in advance of anticipated
development. Land held for less than two years is considered to
be available for immediate development since the process of plan-

“ Land write-down” was defined as land disposition at a price
which is less than the current “ market price” . “ Write-down”
was not restricted to the narrower definition of land disposition at
a price which is less than the acquisition price.
It is suggested that the land bank, by buying early and forgoing
realization of part of the land appreciation reflected in the current
market prices, might be able to lower the cost of land and there
fore the cost of housing services to low income families.

♦Direetor, Land Bank Project, Low Income Housing Development
Corporation, Durham, North Carolina.
♦♦Urban Design and Simulation Program, Department of City and
Regional Planning, University of Chapel Hill, Chapel Hill, North
Carolina.

To Provide Sites in More “ Desirable” Locations
Frequently the only available sites for assisted housing are in
or near existing low income areas. Additional assisted units in
these areas would simply lead to further impaction. Yet, acquisi
tion of sites in outlying areas is often successfully blocked by op
position of prospective neighbors. It is suggested that a land bank
might acquire sites for assisted housing sufficiently in advance of
development of an area that there are no current neighbors to op

^Land Bank Handbook: Advance Acquisition of Sites for Low and
Moderate Income Housing, published by the Piedmont Triad
Council of Governments, Greensboro, North Carolina, January
1972 221 pages.
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pose the plans; and the future development of the area would take
place with public knowledge of intended development. An effective
policy of dispersal of sites might assure that opportunities to live
in many locations were available to all income groups.
These reasons for land banking are as yet, however, postulated
rather than demonstrated. The reasons proffered for land banking
can be recast as hypotheses to be tested over a series of experi
ments with the land bank simulator. Early work with the simulator
reported here relates to the areas of program implementation and
land write-down but not to site desirability.

resulting simulation defines decision-making processes rather
than strict cause and effect relationships in the operation and per
formance of the land bank.
In order to provide information for the operations performed
in each of these five blocks, a set of mathematical functions was
created to generate data duplicating the statistical distributions of
the empirical data used to characterize the region under study.
The five activity blocks, their associated operations, and the re
quired statistical distributions are summarized below:
BLOCK 1: LAND ACQUISITION

CONSTRUCTION OF THE LAND BANK SIMULATOR
The primary goal in constructing the simulator was to develop
an instrument for assessing alternative management policies for a
land bank operated by an agency such as a housing development
corporation in a range of possible operating environments. The
simulator is designed (1) to model the behavior of people who are
engaged in the selling, acquisition, financing, holding, and market
ing of land for development of low income housing, and (2) to de
scribe relevant aspects of the economic and political environments
which exert significant impacts on these land banking transactions.
The simulator is intended to facilitate identification of these im
pacts and assessment of their effects upon the financial and social
performance of an operational land bank. Probable ranges of values
representing relevant aspects of alternative future environments
can be projected from empirical information characterizing the
land bank operating area, and the feasibility and effectiveness of
land banking in different environments with different sets of land
bank management policies can be tested using the simulator.
The simulator describes a land bank as an entity associated
with but separate from a housing development corporation. The
aggregate activity of the land bank is assumed to be small (or
inframarginal) in relation to total real estate market activity in
the operating area. The effect of the land bank on the real estate
market in the region was not incorporated into the land bank simu
lator at this stage of its development.
Although future development of the land bank simulator may
extend to dynamic interaction between the land bank and the real
estate market mechanisms, these phenomena are neither fully
understood nor empirically documented at this time. Because of
the initially narrow projected scope of HDC-Land Bank activity,
it was judged that, at this stage, better information could be gen
erated through sequential simulation techniques rather than through
dynamic simulation which would embody systemic interaction of
the land bank with the environment. Of course, this leaves open a
key question in the analysis. At what point does land bank activity
cease to be small and become instead sufficiently large that its
own activity measurably affects the real estate market?
The land bank simulator evolved as a structured set of sequen
tially executed operations, based upon a set of management decision
rules, the financial status of the land bank, and the conditions of
the environment.
The simulation framework selected for modeling the land bank
was GPQS, a FORTRAN coded General Purpose Queueing Simu
lator. 2 Although the discipline of queueing simulation was not a
requirement for this particular application, GPQS offered an
easily adapted transaction-oriented programming structure.
The tasks performed by the simulated land bank were divided
into five activity blocks:
Block 1: Land Acquisition
Block 2: Land Inventory
Block 3: Financial Activities o f the Bank
Block 4: Land Sales Negotiations
Block 5: Parcel Characteristics Update
Mathematical equations defining interactions among the various
activities simulated by the model were not required. Thus the

^The GPQS used in the development of the land bank simulator
was designed by Philip Cooley, Research Triangle Institute,
Research Triangle Park, North Carolina.

The purpose of Block 1 is to simulate the introduction of land
parcels onto the market. It generates a set of twenty-four de
scriptors derived by randomly polling functions representing dis
tributions of the characteristics of the available lots in the area.
This set of descriptors contains all information pertinent to the
parcel including size, cost, off-site improvement costs, zoning,
and desirability. Block 1 also exercises a set of decision rules
that correspond to the anticipated policies of land bank manage
ment and determine the “ appropriateness” of purchasing any given
parcel. If the parcel meets the prescribed criteria of reasonable
cost, appropriate size, and acceptable zoning, the simulator will
initiate a purchase, provided working capital is available.
The type of purchase which is simulated directly parallels the
empirically derived profile of land transactions in the region. The
parcel may be either optioned or mortgaged with the period and
number of options or the term, interest rate, and equity ratio of
mortgages being functionally related to real world circumstances.
BLOCK 2: LAND INVENTORY
Block 2 stores and processes the land parcel inventory. This
inventory includes all parcels that are either owned or optioned by
the land bank together with a list of the descriptors of those parcels.
BLOCK 3: FINANCIAL ACTIVITIES OF THE LAND BANK
Block 3 is the financial activities block and processes all data
connected with the financial operations of the land bank. Its func
tions include maintaining a tax escrow for all properties, removing
current operating expenses from cash-on-hand, receiving returns
from long-term notes held by the land bank, and investing in ad
ditional long-term investments when there is a surplus of cash-onhand. In addition, this block provides yearly financial statements
on the land hank transactions among which are included a fuH earn
ings statement and a balance sheet.

BLOCK 4: LAND SALES NEGOTIATIONS
Following a procedure similar to that used in land acquisition
activities (Block 1), Block 4 “ creates” a potential land purchaser
by generating a set of parcel descriptors which include cost, parcel
size, zoning, and site location. The inventory of the land bank is
searched to determine if there are parcels that fulfill the require
ments at a price which is acceptable to the land bank. If no parcels
are found on the first search, the buyer’s acceptable cost and par
cel size intervals are expanded and a second pass is undertaken.
If one or more parcels is selected on either of these searches, the
least expensive parcel is released from the inventory and a sale
transaction is initiated.

BLOCK 5: PARCEL CHARACTERISTICS UPDATE
The final block, Block 5, updates the characteristics of the
land parcels that are held in the inventory. These updates in
clude tax reassessment, reduction in off-site improvement costs,
accrual of taxes and interest paid to date, change in the parcel’s
desirability, and modification of the market value. The updates
are accomplished by utilizing forecasts of land use changes and
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proposed infra-structure changes which affect both the desirability
and the market value of the parcels.
In addition to these tasks, Block 5 simulates the rezoning
request procedure which could be undertaken by the land bank.
The land bank may, as a function of management policy, request
zone changes on all or any portion of the parcels acquired, with
the anticipated outcome of the zoning request reflecting probabili
ties of approval or denial derived from local experience.
EMPIRICAL DATA
The initial experiments performed with the simulator used a
prototype representing a hypothetical community identified as
“ Winsboro Point” . The base geographic information was supplied
as in-kind contributions to the project by housing development
corporations and city planning agencies in three North Carolina
cities: Winston-Salem, Greensboro, and High Point. The financial
transaction profites were provided by local mortgage lending in
stitutions and the Richmond Federal Reserve Bank. Some of the
features of Winsboro Point are summarized as follows:
1.

10
10
30
30
20

1. Initial Land Bank Capital

3. Interest Rates for Mortgages
4. Land Price Inflation

Mean

Standard
Deviation

1
2
3
4
5

$10,000
700
1,000
1,200
800

$4,000
700
1,000
1,000
1,500

5. General Price Inflation

Constraining
Minimum
$6,000
500
400
400
300

Initial Zoning Assignment by District

1
2
3
4
5

$250,000 and $500, 000
(Land Bank Overhead
$40,000)

Average rates of 8.4 and
10. 4 percent
5, 10, and 15 percent
per year
5 and 10 percent per year

In order to analyze all effects of variable changes on the
system a full factorial technique was chosen for the experimental
design. On completion this will involve a total of forty eight simu
lation runs with the tested variables operating at the above levels.
Preliminary observations on performance resulted in a number of
conclusions about the inherent behavior of the simulator as well
as its behavior under various operating conditions and policies.

Zone Type
Central
District Business Single
Multi
Number District Family Family Commercial Industrial Farm

4.

Land Bank Management Policies

Environmental Factors

Raw Cost Per Acre
District
Number

Levels Tested

2. Acceptable Minimum Desirability
of Parcels to be Considered for
Purchase
0.3 and 0. 7

Percentage of Total

1
2
3
4
5

3.

Variables

Distribution of Lots by:
District Number

2.

or by analysis of information provided by people in the field of
housing development or real estate. These three steps were:
(1) to ascertain that the model was creating land parcels which
“ in the long run” were typical of the land parcels in the region;
(2) to determine that the proper information was being used to
make pricing and purchasing decisions; and (3) to determine
whether, in fact, the proper decisions were being made. Several
revisions were made during this process until the model reached
a working state where, in the best judgment of those involved,
these three concerns had been properly resolved.
The purpose of the first set of simulations was to conduct
sensitivity analyses for five selected variables to determine the
effect of changes in the levels of these variables upon the perfor
mance of the land bank.
The initial test variables and the operating levels for each
were as follows:

SIMULATOR OUTPUT

100
50
30
10
30

30
10
30
10

10
10
5
10

5
10
50
10

5
40
5
40

Several forms of output were selected to display the results
of the simulation runs and the variables to be studied for perfor
mance . The financial transactions were summarized in standard
accounting forms including a yearly income statement, a yearly
balance sheet, and a yearly cash flow statement. These provided
insights into the financial soundness of the bank as well as an
accurate record of where money was being spent and at what levels.
Transaction records were designed to show all purchases,
sales, and parcel releases from inventory. These displayed the
lot descriptors as well as cost figures providing a record of the
decisions being made under the operating guidelines with respect
to the land acquisition and disposal policies.

Desirability
Desirability = D
0 <; D <jl
Districts 1 through 5
30 percent
20 percent
30 percent
20 percent

between
0 and . 50
between . 50 and . 75
between . 75 and . 90
between . 90 and 1

PERFORMANCE MEASURES

Note: “ Desirability” is a quantitative index representing
opinion regarding comparative amenities of parcels. The most
desirable parcels have an index value of 1.0, the least desirable
parcels have an index value of 0.

Evaluation of the performance of the simulated land bank re
quires explicit consideration of the expected longevity of the land
bank. Is the land bank to operate for a specific, limited term
during which it could consume its initial capital grant, and then
go out of business? Or, is the land bank to operate for an unde
fined but extended period during which the operating capital must
be conserved or replenished with outside subsidies?
Unless any proposed land banking efforts are launched on a
viable basis with sufficient income available either from operating
income or a combination of operating income plus outside subsidy,
any proposed land bank is not likely to meet production goals, much
less social goals.

INITIAL SIMULATION STUDIES
The first attempts to model a land bank did not replicate a
complete operation already functioning in a real environment and,
for this reason, no validation of the simulator by direct compari
son with operational land banks could be made. The validation
task was divided into three distinct steps, in which segments of
the model were tested separately either through statistical means
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A land bank might be considered to serve broad public pur
indicated, however, that the decisions confronting the HDC-Land
poses so that it would warrant support with outside subsidies and
Bank in a medium-sized city were not primarily concerned with
not be constrained to operate on a self-sustaining basis. It appears
distribution of the gains from the operation, but rather, with how
to survive.
that land bank efforts currently being proposed, however, generally
The land was priced at an apparent profit in early experimental
are expected by their original funding sources to operate on a selfruns of the simulator. The increment over acquisition cost plus
sustaining basis without subsequent outside subsidy. Consequently,
the first set of experimental runs with the simulator were designed
direct holding costs (taxes, interest, insurance, etc.) was not
to explore the requirements for self-sustaining land bank operations. sufficient, however, to cover the period costs attributable to
managing the land bank. Consequently, pricing policies had to be
Both social and financial measures of land bank performance
revised upward in order to take operating expenses into proper
were formulated to analyze the behavior of the simulator under
account when pricing the land on disposition. With the scale of
various environmental conditions and selected operating rules.
land bank activity and the rates of land price inflation examined,
The number of sites that could be made available for low income
it appears that concerns relating to sustaining activity over time
housing development was chosen as the primary objective function.
with income from operations plus realized land appreciation need
This function operated under management policy constraints, such
to be resolved before hope of land write-down can be realized
as the restriction mentioned above that the land bank should be
without outside subsidy.
self-sustaining and not require continuous outside subsidy.
POLITICAL CONSIDERATIONS

TENTATIVE CONCLUSIONS BASED ON THE RESULTS OF
INITIAL EXPERIMENTS WITH THE LAND BANK SIMULATOR
Land Bank Operations to Facilitate Housing Program Implemen
tation
Scale: An appropriate scale of operations is crucial to the
viability of land banking. The amount of initial capital available
to the land bank for land acquisition and the amount of turnover is
important in determining the scale of land bank activity. The
scale must be such that the income from transactions (including
realized appreciation in land value) is sufficient to cover operating
overhead, including administrative costs, legal and engineering
fees, and costs associated with unexercised options.
Only in relatively large metropolitan areas is there sufficient
low income housing activity to sustain independent land bank oper
ations without outside subsidy. A land bank operating in a mediumsize city exclusively to provide sites for low income housing prob
ably can not sustain itself on income from those operations.
Covering even a minimum overhead is likely to require more land
sales activity than the area can support. Consequently, the land
banking must be either (1) combined with other activities, such
as housing development, or (2) expanded in scope. Land banking
could be expanded (a) geographically, say to a region rather than
a city, (b) economically, say, to provide sites for housing for
families with a broader range of incomes, or (c) by purpose —
banking land, say, for school sites, parks and recreational areas,
open space or other public purposes.
Cash Flow: Typically, land is purchased with a small pro
portion of equity investment and a large proportion financed by
borrowing. This is called “ leveraging, ” and enables a large
investment to be controlled with a small equity. The principal
and interest payments required to service the indebtedness may
produce subsequent financial strain, however.
Early runs of the simulator illustrated easy routes to bank
ruptcy — the land became overcommitted and was forced to
liquidate assets to meet debt service requirements. This led to
the development of decision rules for pacing land acquisitions
so that future cash flow requirements could be met.

Work with the simulator underscored the apparent great
significance of political considerations in the successful operation
of a land bank. Political concerns are reflected in the simulator,
for instance, in the probability of success of rezoning applications
and in different local government policies with respect to providing
off-site improvements or other elements of the urban infrastructure
which affect the locational value of banked parcels.

Land Write-down
It was anticipated that land-write-down policies would be
developed as part of a strategy by the land bank to reduce the
cost of sites for low income housing. The early experiments
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CURRENT STATUS OF THE LAND BANK COMPUTER SIMULA
TOR PROJECT
The land bank simulator is operational and has been used for
an initial set of experiments. The simulator appears to replicate
reasonably well the behavioral and environmental aspects of the
complex of land bank activities. The simulator evolved through
a series of stages in attempts to make it conceptually as complete
as possible — that is, to incorporate all the important decisions
and to describe all the relevant conditions found in real world
relating to acquiring, financing, holding, taxing, rezoning, and
marketing land. The data prepared for the prototype simulator
varies, however, in comprehensiveness. Work needs to do done
to relate the simulator to an actual area by developing a compre
hensive base data to characterize the area. Also, additional
experiments need to be performed to refine the tentative decision
rules and to assess more rigorously the performance of the simu
lated land bank.
The results of the early work with the land bank simulator
have served to underscore the importance of the appropriate
scaling of land bank operations, careful pricing policies, attention
to cash flow requirements, and the conditions for self-sustaining
operations. These results could be important program develop
ment considerations to those agencies seeking to organize and
those agencies requested to fund land bank activities.
The land bank activities examined here are connected to the
current producer-oriented mechanisms for providing housing
subsidies to low income families. A shift to consumer-oriented
subsidy mechanisms for distributing housing assistance, or gen
eral income maintenance programs, would change the possible
role of land banking in improving housing conditions for low in
come people.

